































3DFNHG FROXPQV DUH FRPPRQO\ XVHG LQ DEVRUSWLRQ DQG VWULSSLQJ SURFHVVHV WR SURYLGH HIILFLHQW JDVOLTXLG FRQWDFWLQJ $
UHOLDEOHPRGHOIRUWKHHIIHFWLYHPDVVWUDQVIHUDUHDDHRIWKHSDFNLQJLVLPSRUWDQWIRUGHVLJQDQGDQDO\VLVRIWKHVHV\VWHPV,WLV









E\ DEVRUSWLRQ RI &2 LQWR GLOXWH FDXVWLF VROXWLRQ :LWK H[FHVV IUHH K\GUR[LGH WKH FRQFHQWUDWLRQ RI ELFDUERQDWH 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 LV
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:KHQ &2 SDUWLDO SUHVVXUHV DUH ORZ DQG K\GUR[LGH LRQ LV SUHVHQW LQ UHODWLYH H[FHVV WKH UHDFWLRQ FDQ EH WUHDWHG DV
SVHXGRILUVWRUGHU(TXDWLRQFRQVHTXHQWO\VLPSOLILHVWR
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0HDVXUHGNJƍYDOXHVZHUHFRPSDUHGZLWKFDOFXODWHGRQHVHYDOXDWHGXVLQJ OLWHUDWXUHYDOXHVIRU WKH WHUPV LQHTXDWLRQ7KH




DQG RSHUDWLQJ DW KLJK VXSHUILFLDO DLU YHORFLWLHV   RU PV 7KLV UHVLVWDQFHZDV HVWLPDWHG WR DFFRXQW IRU  RI WKH
RYHUDOOPDVV WUDQVIHU UHVLVWDQFHZLWKN*FDOFXODWHG IURPWKHFRUUHODWLRQRI5RFKDHWDO >@7KHN* WHUPLQHTXDWLRQZDV














HTXDWLRQV RI 3RKRUHFNL DQG 0RQLXN >@ 6HFRQG LW ZDV HPSOR\HG WR WHVW IRU SRWHQWLDO LPSDFWV RI WKH SURSHUW\PRGLI\LQJ
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
7KHEDVHOLQHPHDVXUHPHQWVJDYHYDOXHVRIIOX[NJƍ WKDWZHUHKLJKHUWKDQSUHGLFWHGE\WKHSDUDPHWHUVIURP3RKRUHFNL
DQG0RQLXN >@1HYHUWKHOHVV WKH GLVSDULW\ZDV QRW EHOLHYHG WR EHGUDVWLF HQRXJK WR UHMHFW WKH XVH RI WKHLU FRUUHODWLRQV7KH
³3RKRUHFNL´ NJƍ ZDV WKHUHIRUH DVVXPHG WR EH DSSOLFDEOH LQ WKH LQWHUSUHWDWLRQ RI WKH SDFNHG FROXPQ UHVXOWV 7KHUH ZDV QR
VWDWLVWLFDOO\FRQILUPDEOHLPSDFWRIVXUIDFWDQWDQGDQWLIRDPLPSO\LQJWKDWWKHVDPHNJƍFRXOGEHDSSOLHGIRUWKLVV\VWHPDVZHOO
  L&2J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D XQLTXH IHDWXUH RI GLOXWH DTXHRXV SRO\PHU VROXWLRQV OLPLWHG LQIOXHQFH RQ WKH GLIIXVLYLW\ RI VPDOO PROHFXOHV OLNH &2
.RPL\DPD DQG)XRVV >@SRVWXODWHG WKDWZKLOH WKHEXON YLVFRVLW\ RI D VROXWLRQPLJKW EH HQKDQFHG E\ HQWDQJOHPHQW RI ORQJ










7KH::&GDWDGLVSOD\HG D VRPHZKDW ODUJHU UHGXFWLRQ LQNJƍ WKDQ WKDW SUHGLFWHGE\ HTXDWLRQ  EXW WKH\ZHUH VWLOO LQ IDU
EHWWHUDJUHHPHQWZLWK WKH³SRO\PHU´ WKHRU\ WKDQZLWK WKH ³VWDQGDUG´ WKHRU\ LQYHUVH UHODWLRQVKLSRI GLIIXVLYLW\YLVFRVLW\
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9LVFRVLW\ KDG QR LPSDFW RQ WKH HIIHFWLYH DUHD7KXV LWZRXOG VHHP WKDW WKHPDVV WUDQVIHU DUHD RI0HOODSDN< LV
UHODWLYHO\LQVHQVLWLYHWRSK\VLFDOSURSHUW\YDULDWLRQV7KLVLVLQFRQWUDVWWRDKLJKVXUIDFHDUHDSDFNLQJVXFKDV0HOODSDN<

















6XO]HU0HOODSDN<0<    
6XO]HU0HOODSDN<0<    
.RFK*OLWVFK)OH[LSDF<)<    

$QDWWHPSWZDVPDGH WRFRUUHODWH WKHHQWLUHGDWDEDVH LQ WKH IRUPRIGLPHQVLRQOHVVJURXSV ,WKDVEHHQ RXUH[SHULHQFH WKDW
EHORZWKHIORRGLQJOLPLWJDVSURSHUWLHVHJVXSHUILFLDOYHORFLW\KDYHQRLPSDFWRQWKHHIIHFWLYHDUHDRIVWUXFWXUHGSDFNLQJ7KH
PRGHOLQJHIIRUWZDVWKHUHIRUHEDVHGVROHO\RQOLTXLGSDUDPHWHUV7KHFKDUDFWHULVWLFOHQJWKįZDVGHILQHGDVWKHWKLFNQHVVRIWKH
OLTXLG ILOP RQ WKH SDFNLQJ VXUIDFH /LNHZLVH WKH OLTXLG YHORFLW\X/ ZDV D FDOFXODWHG DYHUDJH ILOP YHORFLW\ 7KH ³FODVVLFDO´
HTXDWLRQVIRUILOPIORZRQDQLQFOLQHGIODWSODWHDVSUHVHQWHGE\%LUGHWDO>@DPRQJRWKHUVZHUHDVVXPHGWRDSSO\7KHILOP
WKLFNQHVVHTXDWLRQLVH[SUHVVHGEHORZ
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7KH 6HSDUDWLRQV 5HVHDUFK 3URJUDP 653 DW WKH 8QLYHUVLW\ RI 7H[DV KDV FRPSLOHG D ODUJH GDWDEDVH RI HIIHFWLYH DUHD
PHDVXUHPHQWV)LJXUHSUHVHQWVUHVXOWVREWDLQHGZLWKDQRQSHUIRUDWHGVHULHVVWUXFWXUHGSDFNLQJXVLQJDJUDYLW\IHGRULILFH
SLSH OLTXLGGLVWULEXWRUZLWKGULSSRLQWVP7KH GDWDDUHFRPSDUHGZLWK WKHSUHGLFWLRQV IURPHTXDWLRQDQG WZRZLGHO\
XVHGPRGHOV5RFKD%UDYR)DLU>@DQG%LOOHW6FKXOWHV>@(TXDWLRQPDWFKHVWKHGDWDZHOOHVSHFLDOO\DWWKHKLJKHUOLTXLG
ORDGV2QHZRXOGH[SHFWWKHSDFNLQJVXUIDFHWREHZHOOZHWWHGDWKLJKOLTXLGORDGVRQDFFRXQWRIWKHUHODWLYHO\RSHQJHRPHWU\
+RZHYHUHYHQQHDUPPÂKERWK5RFKD%UDYR)DLUDQG%LOOHW6FKXOWHVSUHGLFW IUDFWLRQDODUHDVIDUIURPXQLW\ ,W LVZRUWK
QRWLQJ WKDW WKH OLWHUDWXUHPRGHOVZHUHSULPDULO\ LQIHUUHG IURPGLVWLOODWLRQ GDWD JHQHUDOO\ FRQVLVWLQJ RI V\VWHPVZLWK YHU\ ORZ
VXUIDFH WHQVLRQV )XUWKHUPRUH YDOLGDWLRQ ZDV VWULFWO\ ZLWK RYHUDOO PDVV WUDQVIHU UHVXOWV HJ .*DH DH LWVHOI ZDV QRW
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5DWHV RI DEVRUSWLRQ RI &2 LQWR  NPROP 1D2+ZHUHPHDVXUHG 7KH YDOXH RI NJƍ ZDV IRXQG WR EH  JUHDWHU WKDQ
SUHGLFWHGE\ WKHFRUUHODWLRQRI3RKRUHFNLDQG0RQLXN>@8VHRIWKHLUFRUUHODWLRQZDVQHYHUWKHOHVVEHOLHYHG WREHDFFHSWDEOH




7KH HIIHFWLYH PDVV WUDQVIHU DUHDV RI WKUHH VWUXFWXUHG SDFNLQJV 0HOODSDN < 0HOODSDN < DQG )OH[LSDF < ZHUH






7KLV ZRUN ZDV VXSSRUWHG E\ WKH /XPLQDQW &DUERQ 0DQDJHPHQW 3URJUDP :H DUH JUDWHIXO WR 6XO]HU &KHPWHFK DQG
.RFK*OLWVFKIRUSURYLGLQJWKHSDFNLQJPDWHULDOVIRUWKLVUHVHDUFK:HDFNQRZOHGJH'RZDQG'RZ&RUQLQJIRUWKHLUGRQDWLRQV


























































 * 9i]TXH] ( $OYDUH] -0 1DYD]D 5 5HQGR DQG ( 5RPHUR 6XUIDFH 7HQVLRQ RI %LQDU\ 0L[WXUHV RI
:DWHU0RQRHWKDQRODPLQH DQG:DWHU  $PLQRPHWK\OSURSDQRO DQG 7HUWLDU\ 0L[WXUHV RI 7KHVH $PLQHV ZLWK:DWHU
IURP&WR&-&KHP(QJ'DWD









 5 3RKRUHFNL DQG: 0RQLXN .LQHWLFV RI 5HDFWLRQ EHWZHHQ &DUERQ 'LR[LGH DQG +\GUR[\O ,RQV LQ $TXHRXV (OHFWURO\WH
6ROXWLRQV&KHP(QJ6FL






 0 /RKVH ( $OSHU * 4XLFNHU DQG:' 'HFNZHU 'LIIXVLYLW\ DQG 6ROXELOLW\ RI &DUERQ'LR[LGH LQ 'LOXWHG 3RO\PHU
6ROXWLRQV$,&K(-
&:*UHHQ-)DURQH-.%ULOH\5%(OGULGJH5$.HWFKDPDQG%1LJKWLQJDOH1RYHO$SSOLFDWLRQRI;UD\&RPSXWHG
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